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@ Aromatisatlon of allphatics over gaWum-containing zeolites. 
@ A catalytic process Is provided for converting feedstocks 
oontaining Ci to C« attphatic hydrocarbons to aromatics by 
contacting said feedstocks* under conversion conditions, 
wHh a crystelline zeoihe catalyst having a constraint index of 
about 1 to 12 and a silica'alumina ratio of at least bbO, and 
. jopntalning a minor amount of an edded metal comprising at 
' toast 60 weight percent of gallium, thereby converting the 
feedstock to aromatics. 
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AROMATISATION OF ALIPHATICS OVER 

This invention relates to a process for the , 
conversion of a gaseous paraf f inic feed containing a major 
proportion of C2 to C12 aliphatic hydrocarbons to 
aromatlcs in the presence of a crystalline zeolite 
catalyst containing gallium. 

DS-A-4,180,689 teaches that by using catalysts 
which contain gallium and which are prepared from specific 
types of aluminosilicates, improved yields of aropatic 
hydrocarbons may be obtained if the gallium-containing 
catalysts are prepared from specific types of 
aluminosilicates. This patent further discloses that if 
the gallium is either exchanged for one of the cations or 
protons or impregnated into the zeolitic cavitiesr ^ 
surprisingly high catalytic selectivity is obtained^ 
especially in hydrocarbon conversion processes. !phe feed 
for this process is a C3-C12 feedstock of either a single 
component or mixtures of saturated and unsaturated 
hydrocarbons. . / 

120^910 discloses that aromatic compounds" 
can be produced by contacting, in the absence of added air 
or oxygen under suitable conversion conditions, . a gaseous, 
parafflnic feed stock containing, a high percentage of 
ethane with a ZSM~5 type crystalline alurainosllicate 
zeolite catalyst having Incorporated therein a minor ^ 
amount of a metal or metal oxide from Group VIII^ IIB, or 
IB of the periodic .Table. Especially preferred is a ;?inc- 
copper mixture. 

US-A-4,304,686 teaches the aromatization of 
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aliphatic hydrocarbons utilizing as catalyst a zeolite 
having an alumina-silica ratio of 10:1 to 500 ;1 in which 
at least some of the cations have been exchanged for 
gallium ions* 

OS-A-4/350,835 teaches a catalytic process for 
converting a feedstock comprising a high percentage of 
ethane to aromatics employing as a catalyst a zeolite with 
a silica-alumina ratio of at least 12 and having 
incorporated therein a minor amount of gallium. 

EP-A-50,021 teaches a process for producing 
aromatic hydrocarbons by contacting a feedstock containing 
at least 70% by weight of C2 hydrocarbons with a catalyst 
comprising an aluminosilicate with a silica-alumina molar 
ratio of at least 5:1 and in which either gallium is 
deposited thereon, or cations have been exchanged with 
gallium ions« 

According to the present invention a process for 
producing aromatic compounds comprises contacting a feed 
containing at least 50 weight percent of C2 to C12 
aliphatic hydrocarbons, under conversion conditions, with 
a catalyst comprising a crystalline zeolite having a 
constraint index of 1 to 12 and a silica/alumina mole 
ratio greater than 70, and from 0.5 to 10 weight percent 
of gallium, said zeolite and said gallium having been 
brought together after crystallisation of the zeolite. 
Preferably the zeolite has a silica/alumina mole ratio 
greater than 200, even more preferably greater than 550. 

At least part of said gallium may be in 
tetrahedral coordination in the framework of the zeolite, 
and in a favoured embodiment the catalyst contains 0.5 to 
5% wt. of gallium in tetrahedral coordination and 1 to 10% 
wt. of total gallium. The gallium may be introduced into 
tetrahedral coordination in the framework of the zeolite 
by treatment of the zeolite with a liquid gallium- 
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containing medium under alkaline conditions, notably at a 
pH greater than 8, 

Preferably the zeolite is ZSH-5r z'SM-ll, ZSM-12, 
ZSH~23, ZSH-35r ZSM-38 or Z5H-48, and the catalyst may 
further comprlBes a porous matrix with which the eedllte 
is composited, the zeolite advantageously constituting 5 
to 80% wt« of its composite with the matrix • Suitable 
conversion conditions comprise a temperature of 482 to 
760^0, a pressure of 100 to 2860 kPa and a LHSV of 0,1 to 
5f preferably a temperature of 593 to 677^Cr a pressure of 
100 to 790 kPa and a LHSV of 0.3 to 3. 

An unexpected advantageous effect of the 
invention, in comparison with prior art processes 
dedicated to the aromatisation of similar feedstocks, is 
the obtaining of a high product benzene/toluene ratio, 
typically greater than 1:1 (weight basis). 

The metal comprising gallium in the catalyst 
composition may be present as ions if cations in the 
aluminosilicate support have been exchanged with ions of 
the gallium-containing metal. The ions are suitably 
provided as an aqueous solution of gallium-cohtaining 
metal salts such as for instance metal sulfate, nitrate or 
chloride, in known manner • Before addition to the aqueous 
solution of the gallium compound, the zeolite may be acid 
treated • 

The process of the present invention may be 
carried out using catalysts in which gallium-comprising 
metal is impregnated on the surface of the zeolite, 
optionally concurrently with ion-exchange. However, in 
accordance with another aspect of the invention, the 
gallium-comprising metal may be incorporated under 
alkaline conditions into the framework of the zeolite. 
Any alkaline material can be used for this purpose which 
is compatible with the gallium-comprising metal reagent. 
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e.g. an aqueous solution of alkali metal hydroxides such 
as sodium hydroxide with a concentration in the range, for 
example of about 0.1 to 1 N. In carrying cut the 
insertion of the gallium-comprising metal by this method, 
the zeolite may be refluxed in a solution of alkaline 
material and gallium-comprising metal reagent, e.g. any of 
various water-soluble compounds such as sulfates and 
nitrates, ammonia-exchanged to remove or reduce alkali 
metal cations, and calcined to obtain the final catalyst. 
Suitable refluxing conditions comprise a temperature of 50 
to lOOOC for a period of 0.5 to 20 hours. 

Where the catalyst composition is prepared by 
using a compound of gallium-comprising metal which ionizes 
in aqueous solution, for example gallium nitrate, some of 
the gallium ions are generally exchanged with the cations 
in the zeolite even if the preparation was directed to 
impregnation of or insertion into the zeolite. 

Whichever method of catalyst preparation is 
used, the amount of gallium present in the catalyst 
compositions, (metal plus zeolite)., may vary for instance 
between 0.1 and 15, preferably between 0.5 and 10, percent 
by weight. Of the total amount of added metal, gallium 
may comprise an amount from over 50 to 100 wt.%. The 
portion of the added metal which is not gallium may be any 
of various suitable metals in Groups I through VIII of the 
Periodic Table including by way of example, zinc, 
platinum, rhenium, cobalt, titanium, tellurium, sodium, 
nickel, boron, chromium, aluminum, copper, platinum, 
calcium and rare earth metals. 

The gallium in the catalyst may therefore be 
entirely in tetrahedral coordination in the framework of 
the zeolite, present entirely as non-framework cation and/ 
or impregnant, or partly framework and partly non- 
framework. Thus in an embodiment previously mentioned, a 
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favoured catalyst formulation contains 1 to 10% wt, total 
gallium of which half is framework gallium. Certain of 
the aforementioned metals which may be co-present with 
gallium may similarly assume framework and non-framework 
roles. 

Although the zeolites utilized in the process 
have extremely low alumina contents, i.e. Billca to 
alumina mole ratios exceeding 550 , they are nevertheless 
very active. The activity is surprising since catalytic • 
activity is generally attributed to framework aluminum 
atoms and/or cations associated with these aluminum atoms. 
These zeolites retain their crystallinity for long periods 
in spite of the presence of steam at high temperature 
which induces irreversible collapse of the framework of 
other zeolites, e.g. of the X and A type. Furthermore, ' 
carbonaceous deposits, when formed, may be removed' by 
burning at higher than usual temperatures to restore 
activity. These zeolites, used as catalysts, generally 
have low coke-forming activity and therefore hte conducive 
to long times on stream between regenerations by burning' 
carbonaceous deposits with oxygen-cdhtaining gas such as 
air. 

The significance and manner of determination of 
constraint index are described in our GB-A-1,446,S22. We 
do however draw attention to the fact that testing ' * 
parameters to some degree determine th'e precise value of 
constraint index yielded for a given zeolite by an 
individual test, and that any zeolite which is capable, 
upon testing within the prescribed conditions, of ' • 
manifesting a constraint index of 1^6 12 is considered 
for the purposes of the present specification to be a 
zeolite having a constraint index of 1 to 12. ' ' '' 

Constraint Index (CI) values for some typical 
materials are; v . • 
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Zeolites ZSM-5, ZSM-ll, ZSM-12, ZSM-23r ZMS-35, 
ZSM-38 and ZSM-4 8 are defined by the x-ray data set forth 
in DS-A-3r702,886r 3,709,979, 3,832,449, 4,076,842, 
4,016,245, 4,046,859 and 4,350,835 respectively • 

The specific zeolites described, when prepared 
in the presence of organic cations, are substantially 
catalytically inactive, possibly because the intra- 
crystalline free space is occupied by organic cations from 
the forming solution. They may be activated by heating in 
an inert atmosphere at about 540^C for one hour, for 
example, followed by base exchange with ammonium salts 
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followed by calcination at about 540^0 in air. The 
presence of organic cations in the forming solution may 
not be absolutely essential to their formation but does 
appear to favor it. In many cases it is desirable to 
activate the zeolite by base exchange with ammonium salts 
followed by calcination in air at about 540^0 for from 
about 15 minutes to about 24 hours. 

Natural zeolites may sometimes be converted to 
zeolite structures of the class herein identifieiS by 
various activation procedures and other treatments such as 
base exchange, steaming, alumina extraction and . i 

calcination, alone or in combinations. Natural minerals 
which may be so treated include ferrierite, brewsterite, 
Btilblte, dachlardite, epistilbite, heulandite and 
clinoptilolite. 

When synthesized in the alkali metal form, the. 
zeolite is conveniently converted to the hydrogen form, 
generally by intermediate formation of the ammonium form 
as a result of ammonium, ion exchange and calcination of ' 
the ammonium form to yield the hydrogen form. In addition 
to the hydrogen form, other forms of the zeolite wherein 
the original alkali metal has been reduced to less than 
about 1.5 percent by weight may be used. Thus, the . 
original alkali metal of the zeolite may be replaced by 
ion exchange with gallium and, if desired other suitable 
metal cations, of Groups I through VII of the Periodic 
Table as mentioned previously. 

It may be useful to Incorporate the above- 
mentioned crystalline zeolite into a matrix comprising ^ 
another material resistant to the temperature and other 
conditions employed in the process to be catalysed. Such 
matrix material is useful as a binder and imparts: greater 
resistance to the catalyst for the severe temperature, 
pressure and reactant feed stream velocity conditions 
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encountered in many conversion processes • Useful matrix 
materials include both synthetic and naturally occurring 
substances, as well as inorganic materials such as clay, 
silica and/or metal oxides, and are fully described in our 
EP-A-1695. 

The feed stream to the process of this invention 
contains at least 50% by weight of at least one aliphatic 
hydrocarbon containing 2 to 12 carbon atoms • The 
hydrocarbon may be straight chain, open chain or cyclic 
and may be saturated or unsaturated. Some contemplated 
hydrocarbons are ethane, propane, propylene, n-butane, n- 
butenes, isobutane, isobutene, straight-and branch chain 
hexanes, hexenes, octanes, octenes, decanes and decenes, 
cyclohexane and cyclohexene. The effluent from the 
reaction zone is separated and distilled to remove the 
desired aromatic product and the remainder may be recycled 
for further reaction. 

The following examples further illustrate the 
invention. Examples 1 to 3 are embodiments of processes 
carried out within the invention, whilst Comparative 
Examples A to C show the results obtained when at least 
one operating parameter is outside the scope of the 
invention. 

This example illustrates the preparation and use 
of a gallium-containing zeolite catalyst in which some of 
the gallium is inserted into the framework of a zeolite 
under alkaline conditions. 

Ten grams of HZSM-5 having a silica-alumina 
ratio of 880 were refluxed with 2.5 grams of 
Ga2(S04)3.18H20 in a solution of 0.2 N NaOH for two hours. 
The catalyst was then ammonia-exchanged and calcined at 
5380C in air for 4 hours. The final catalyst contained 
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4.0 wt.% of added gallium, of which 29% was determined by 
the ammonia TPD method to be incorporated within the 
framework of the zeolite crystals, and 0.36 wt*% of AI2O3. 

This catalyst was tested for aroroatization 
activity by loading it into a reactor and introducing n* 
hexane at a temperature of 5380C (lOOOOp) , atmofitihferid 
pressure, and an. LHSV of 0.59. After various times on 
stream, the product was analyzed. Hydrogen and light 
gases (C1-C3) were analyzed by a refinery gas analysis GC, 
C3+ gases were analyzed on a n-octane-porasil C column, 
and liquid products were analyzed on a DB-1 Durabond 
capillary column. The results are shown in Table 1, where 
the numbers all signify weight percent of product except 
as indicated, "€1+02" is the total of methane and ethane, 
"C2«+" iB the total of ethylene and higher aliphatics and 
■Aromatics Selectivity" is defined as follows. 

ArsMtisfi-ilsld^Iai^il 

C1+C2 {wt.%) + aromatics yield {wt.%) 

The procedure of Example 1 was followed except 
that the catalyst preparation solution contained 15 grams 
of the ZSM-5 which was refluxed with 3.75 grams of 
Ga2(S04)3.18H20. The finished catalyst contained 7.3 wt.% 
of gallium, 65% of which was in the framework of the 
zeolite, and 0.39 wt.% of A1203. The results are shown in 
Table 1. 

This example illustrates the preparation and use 
of a catalyst in which gallium is deposited in a zeolite 
substrate without entering the framework. 

15 grams of Ga{N03)3.xH20 were dissolved in 020 
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and impregnated on 7,5 grams of a ZSM-5 zeolite with the 
same silica-alumina ratio as Examples 1 and 2, viz. 880, 
The catalyst was then calcined in air at 53B^C. The 
finished catalyst contained 10.2 wt,% of deposited 
gallium. The catalyst was then tested for aromatization 
activity as described in Example 1. The results are shown 
in Table 1. 
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The aromatization activity of the catalysts of 
Examples 1, 2 and 3 under this invention as indicated by 
the results of Table 1 show a relatively high aromatics 
selectivity and a concomitant low production of C1+C2 
which are considered particularly undesirable by-products 
of aromatics production. Moreover, comparison of the 
results of Examples 1 and 2 wherein the catalyst contained 
a substantial proportion of gallium inserted into the 
framework of the gallium under alkaline conditions, with 
those of Example 3 wherein the gallium was deposited on 
the zeolite by ion exchange, shows that higher aromatics 
selectivites are obtained after a time on stream of 7 
hours or less with catalysts containing some inserted 
gallium than those containing all exchanged gallium. 

This example illustrates the preparation and use 
of a catalyst utilizing a zeolite in which the silica- 
alumina ratio is lower than that called for by the 
invention. 

The procedure of Example 3 was followed except 
that the silica-alumina ratio of the ZSM-5 was 70. The 
finished catalyst contained 6.8 wt.% of deposited gallium. 
The results of aromatization of n-hexane with this 
catalyst are shown in Table 2. 

This example illustrates the preparation and use 
of a catalyst in which the silica-alumina ratio is lower 
than that called for by the invention and which contains 
gallium deposited by impregnation. 

2 grams of Ga (NO3) 3 •XH2O were dissolved in lOcc 
of water and 5 grams of HZSM-5 with a silica-alumina ratio 
of 40 were added to the solution. The mixture was dried 
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overnight and calcined at SBB^C for 6 hourB. The finished 
catalyst contained 7.3 wt.% of impregnated gall ium, Dse 
of this catalyst for aromatization of n-hexane as 
described in Example 1 yielded the results shown in Table 
2. 

This example illustrates the use of a catalyst 
consisting of a zeolite having a lower silica-alumina 
ratio than is defined by the invention and no added metal. 

n-Hexane was subjected to aromatization using 
the conditions of Example 1 and a catalyst consisting of 
H2SM-5 with a silica-alumina ratio of 70 and no added 
metal such as gallium. The results obtained are shown in 
Table 2. 
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comparison of the reBulte of Examples 1 to 3 
under the invention with those of Comparative Examples A 
to C wherein at least one parameter defined by the 
invention was not employed, shows that substantially 
higher aromatics selectivities and lower production of 
C1+C2 were obtained with the examples under the Invention 
than with the comparative examples. 

It will have been noted that use of a zeolite 
catalyst containing zeolitic gallium in tetrahedral 
coordination therein in an aromatization process in many 
cases yields a product in which the ratio of aiomatics to 
the total of methane and ethane (C1+C2) is higher than 
that obtained under equivalent conditions but using a 
zeolite in which all the gallium is ion-exchanged and/or 
impregnated. This is significant since methane does not 
usually yield any aromatics or aromatics precursors on 
recycling r while ethane is more difficult to aromatize 
than higher alkanes. ^ 
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CLhlUS 

!• A process for producing aromatic compounds 
which comprises contacting a feed containing at least 50 
weight percent of C2 to C12 aliphatic hydrocarbons, under 
conversion conditions, with a catalyst comprising a 
crystalline zeolite having a constraint index of 1 to 12 
and a silica/alumina mole ratio greater than 70, and from 
0«5 to 10 weight percent of gallium, said zeolite and said 
gallium having been brought together after crystallisation 
of the zeolite. 

2* A process according to claim 1 where in the 
zeolite has a silica/alumina mole ratio greater than 200. 

3. A process according to claim 1 or claim 2 
wherein the zeolite has a silica/alumina mole ratio 
greater than 550* 

4. A process according to any preceding claim 
wherein at least part of said gallium is in tetrahedral 
coordination in the framework of the zeolite, 

5. A process according to claim 4 wherein the 
catalyst contains 0.5 to 5% wt. of said gallium in 
tetrahedral coordination and 1 to 10% wt. of total 
gallium. 

6. A process according to any preceding claim 
wherein gallium assumes tetrahedral coordination in the 
framework of the zeolite by treatment of the zeolite with 
a liquid gallium-containing medium under alkaline 



F-4002(4003) 



0252705 



-17- 



conditions. 

?• A process according to claim 6 wherein the 
pH of said treatment is at least 8. 

8, A process according to any preceding claim 
wherein the zeolite is ZSM-5, 2SM-llr 2SM-12, 2SM-23, ZSM- 
35r ZSM-38 or 2SM-48. 

9« A process according to any preceding claim 
wherein the catalyst further comprises a porous matrix 
with which the zeolite is composited. 

10. A process according to claim 9 wherein the 
zeolite constitutes 5 to 80% wt. of its composite with the 
matrix* 

11. A process according to any preceding claim 
wherein the conversion conditions comprise a temperature 
of 482 to 760OC, a pressure of 100 to 2860 kPa and a LHSV 
of 0.1 to 5. 

12. A process according to any preceding claim 
wherein conversion conditions comprise a temperature of 
593 to 677^Cr a pressure of 100 to 790 kPa and a LHSV of 
0.3 to 3. 



